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FOREWORD

Investigations and tests were performed during this program to
evaluate and find methods of reducing the hazards of glycol in-
duced fires in aircraft electrical circuits. Electrolysis tests,
glycol penetration tests of connectors, and contamination and
decontamination tests were airplane oriented. Postulation and
verification of electrochemical reactions were involved to the
extent necessary to characterize the hazards and evaluate counter-
acting substances.

* Glycol immersion tests of components and hundreds of electrolysis
tests were required to determine the nature of the hazards and
the suitability of preventive measures. Failure mechanisms
proved to be more varied and obscure than anticipated. Program
schedules did not permit detailed chemical analysis of all the
reactions observed. The reactions were evaluated for potential
"airplane hazard and for effectiveness of inhibiting chemicals.

Cheinical and electrolytic tests and analyses were performed by
H. J. Weltman of the Chemistry Laboratory. Penetration and immer-
sion tests were performed by A. J. Ledwig of the Electrical T~st
Laboratory.
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ABSTRACT

As a result of airplane electrical connector fires traced to the
presence of glycols, investigations have been undertaken to iden-
tify the mechanism of the involved hazards and to find methods of
counteracting the hazards. Tests were performed with ethylene
glycol, propylene glycol, and airplane deicing fluid as electro-
lytes in a wide range of dilution with water. Silver coated wire,
gold coated connector pins, and rhodium coated connector pins were
used as electrodes. Electrode spacings were determined which
would produce the characteristic smoke and flames when 28 volts
direct current was applied to the electrodes and the electrolyte
was applied a drop at a time.

Tests were repeated with various additives intended to form non-
ionizing reactants or otherwise stop the flow of current or exo-
thermic chemical reaction that resulted from the electrolysis.
These tests graded reaction inhibitors according to the range of
dilutions and spacings over which they were effective. The can-
didate solution was tested for compatibility with airplane materials.

Airplane areas subjected to various glycol solutions, contamina-
tion detection, and decontamination procedures were investigated.
Airplane wiring and connectors werc tested for susceptibility to
glycol penetration. Component damage was induced to evaluate the
failure mechanism.

This report details the tests performed, the variables conducive
to a fire hazard and the procedures for reducing thje hazard.
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CHEMICALLY INDUCED FIRES IN AIRCRAFT
ELECTRICAL CIRCUITRY BY GLYCOL/WATER

SOLUTIONS - HAZARD ANALYSIS AND
ELIMINATION METHODS

i I. INTRODUCTION

The reaction of silver coated wires energized by a direct
current electrical circuit in a glycol/water electrolyte was
investigated by NASA and reported in References (1), (2), and (3).
The reaction was initiated by placing a drop of glycol solu-
tion between the energized wires. As electrolysis proceeded,
the electrolyte was replenished a drop at a time with several
minutes between drops. With proper control of drop rate,
electrolysis continued, electrolyte composition changed, and
smoke and flames were produced.

The aircraft industry, in general, did not at that time
consider this phenomenon a potential hazard on airplanes.
Laboratory demonstrations required small scale controlled
conditions of drop rate and electrode spacing. These condi-
tions did not appear applicable to airplane wiring methods
and glycol solution usage.

Recently, several airplane circuit failures have indicated
a need for re-examination of the silver-glycol reactions.
Four separate incidents of equipment connector fires and one
incident of printed circuit connectcr failure showed over-
"heating considerably in excess of the energy contributed by
the electrical circuit. In each case, the area had previously
been wetted by glycol solutions. The failures were signifi-
cant, both in the loss of circuit function, and in the
associated fire hazard.

Further investigation of the failures reinforced the conclu-
sions that a silver-glycol reaction occurred in the equipment
connector and probably a gold-glycol reaction occurred in the
printed circuit connector. This led to a program of hazard
analysis and hazard elimination considering the electrical
components and materials that can form electrolytic cells
and the glycol solutions that can support the reaction.

Initially the program was envisioned to require hazard ana-
lysis of glycol solutions on airplanes, analysis of the
probability of glycol induced aircraft fires, identification
of susceptible subsystems, and determination of corrective



measures in terms of hardware and fluid changes and proce-
dure changes.

In the process of hazard analysis and reaction characteriza-
tion, it becarie evident that any subsystem DC circuits ex-
posed to glycol solutions were subject to failure, and that
the probability of failure involved the probability of prior
installation damage or maintenance error rather than defi-
cient hardware or statistically determinable reaction
variables. Exposure of aircraft systems to glycol solutions
were found to be extensive. Hazardous reactions were ob-
tained over a wide range of solution types and concentrations.

The test program developed into a reaction survey of glycol
solutions, circuit spacing, hardware susceptibility, reac-
tion inhibiting materials, and methods of preve!.ting hazardous
reactions.

2
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I.SUMMARY

There are muny electrical components, wires, and connectors
unavoidably exposed to various contaminants on aircraft.
"Water, salt spray, runway deicing chemicals, airplane clean-
ing and deicing fluids are all externally applied potential
contaminants. Internal to the airplane are hydraulic fluids,
oil, coolant fluids, and fuel that may be circuit contami-
nants by spillage or leakage. These substances or combina-
tions of tihem can have damaging effects on electrical cir-
cuitry. Electrolysis of conducting fluids, particularly
in direct current circuits, causes current leakage, heat,
and deplating. Contamination of some conductors by ethylene

$ glycol or propylene glycol solutions adds the hazard of exo-
thermic electrolytic reaction accompanied by smoke and flames.

Aircraft electrical circuit components were designed to be
resist.ant to contamination. Tests show that properly assem-
bled undamaged electrical wiring, connectors, and equipment
are highly resistant in this respect. However, there have
been glycol induced circuit fires on airplanes. The nature
of the failure mechanism and preventive measures were inves-
tigated in this program.

* Laboratory tests of wires and connectors showed no glycol
penetration or electrolytic action in undamaged, assembled
wires and connectors. Damaged wire insulation at a connec-
tor, or damaged connector insert material could permit des-

I�ctv glycol react-ions. GlAycol so-t---nt --ce
tween the plug and receptacle prior to mating could penetrate
to the contact support surface and cause internal burning
between positive and negative 28 volt dc energized contacts.

Connector or wire damage or mishandling can permit penetra-
tion of contaminants between conductors. If the contaminant
is a glycol solution, energized 28 volt dc conductors can
trigger a violent reaction and fire. This possibility sug-
gests that, in addition to avoiding contamination or circuit
damage where possible and decontaminating where necessary,
the glycol reaction itself should be stopped.

-- Of the many chemicals tested for their ability to inhibit
the reaction, benzotriazole, tolyltriazole, and 2-ethyl,
4-methyl imidazole were found to have inhibiting properties.
Banzotriazole is most effective. The other chemicals could
be considered if benzotriazole is found to be too hazardous
to personnel.

3



With reasonable quantities of reaction inhibitor, the glycolelectrolytic reaction is not completely neutralized for allsolution dilutions and electrode-spacings possible. Foreach type of glycol solution used on airplanes, there is anoptimum range of reaction inhibitor quantity that will pre-vent hazardous reactions under practical conditions andstill not leave excessive amounts of residue in contaminated
areas.

Glyco] solutions in concentrationsbelow 1% did not react underany test condition. This can be applied to glycol decontamina-tion in the development of washing and drying procedures compat-ible with each area and equipment involved.
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III. CONCLUSIONS

The test program revealed no single cure-all for glycol con-
tamination. The hazards of chemically induced fires in air-
craft electrical circuitry can be greatly reduced by main-
taining the integrity of the insulation and sealing of
wiring, connecrors, and equipment; by protecting electrical
connectors and equipment from glycol solutions with suitable

* covers during deicing; and by replacing any electrical con-
nectors suspected of glycol contamination while unmated.
Normally unmated connectors should be of a self-sealing
design or have sealing cov.iers if they can be subjected to
glycol solotions.

Glycol wetted areas should be inspected for frayed insula-
tion, damaged connectors, missing connector filler plugs,
open connectors, and open electrical equipment. Repairs
should be made prior to glycol exposure. Electrical cir-
cuitry inadvertently exposed to glycol solutions should be
rinsed and dried using procedures compatible with the
equipment involved.

Benzotriazole can be added to glycol solutions to reduce the
possibility of a hazardous glycol reaction in electrical
circuitry. Sodium salt of tolyltriazole or 2-ethyl, 4-methyl
imidazole also have reaction inhibiting qualities but they
are less effective than benzotriazole. None of the reaction
inhibitors tested completely neutralize electrolysis for
all conditions. However, reaction inhibitor quantities
suitable for silver are more than adequate for gold or
rhodium plating.

It is recommended that further investigations be mae prior
to decisions regarding the use of reaction inhibitors:

I. Study the National Cancer Society's evaluation of poten-
tial reaction inhibitors as carcinogens (information
expected in 1975).

2. Standardize on an ethylene glycol solution with corro-
sion inhibitors suitable for aircraft and determine
compatible quantities of reaction inhibitor,

3. Investigate non-ionizing corrosion inhibitors as a re-
placement for potassium phosphate in standard deicing
fluid as a means of reducing reaction Inhibitor quantity.

5



4. Conduct analytical investigation of glycol electrolytic
I reactions with other metals commonly used in electrical

circuits. It is suspected that present cautions regard-
ing "silver-glycol" hazards should be extended to other
metals. Hopef-illy, the same reaction inhibitors effec-
tive for silver, gold, and rhodium platings will be
effective for other reacting metals.

6
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IV. DISCUSSION

A. Glycol Induced Airplane Circuit Failures

K Airplane electrical circuit failures attributed to glycol
exposure had several features in common. All of the
failures were in electrical circuits continuously ener-
gized at 28 volts dc. All of the failed connectors were
subjected to exposure to glycol solutions. The failed
connector that was analyzed showed evidence of local
internal high temperature with burned wire insulation
and connector insert material. Metal pins and sockets
were partially melted. However, the wiring a short dis-
tance from the connector was undamaged, circuit breakers
were not tripped, and there was no evidence of an elec-
trical overload. Analysis of the failed connector by
infrared spectrometry showed the presence of propylene
glycol.

All the evidence indicated that electrolysis of the gly-
col solution by direct current in the milliampere range
had induced high temperatures, smoke, and flames in the
manner reported by NASA for a silver-glycol electrolytic
reaction. Figure 1 shows the damage to a connector and
wiring that occurred on aon airplane.

B. Electrolytic Reactions

Electrolysis of the glycol/water solutions in a dc cir-
cuit results in the formation of hydrogen at the cathode
and some form of oxidation at the anode. The cathode
tends to brighten by reduction and the anode tends to
oxidize and form a black residue. In general, the chem-
ical changes and rate of change are dictated by electrode
size and spacing; electrolyte dilution, volume, and tem-
perature; source voltage and impedance; and the presence
of additives in the solution.

The silver electrode - glycol/water electrolyte reaction
described by NASA involved the %rmation of silver oxide
at the anode. The silver oxide reacted to dehydrate the
ethylene glycol. Decomposition products of ethylene
glycol together with hydrogen at the cathode resulted in
the formation of steam, smoke, heat, and flames. Other
chemicals in the glycol/water solution resulted in addi-
tional :eaction products and additional energy release
(Reference 1).
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The tests performed to evaluate airplane hazards
associated with glycol reactions differed from NASA
tests in several respects:

Electrodes

Silver plated copper wire, gold plated copper alloy
pins, and rhodium plated copper alloy pins were
tested at various separations.

Electrolytes

Ethylene glycol/water, propylene glycol/water, and
deicing fluid (mixture of ethylene and propylene
glycols with additives) soluzions were used with a
wide range of dilutions.

Power Source

A low impedance (high capacity) 28 volt dc power
source was used.

These aircraft related differences may have caused chemi-
cal changes and reaction products differing from the
general type cf reaction described by NASA. Since this

"* program is conccrned with identifying and preventing
hazardous glycol reactions in electrical circuits, the
exact nature of the reaction is of concern only to the
extent that it indicates a method for preventing the
reaction.

C. Reaction Inhibitors

NASA studies indicated that benzotriazole (BZT) effec-
tively prevents the silver electrode-ethylene glycol/
water electrolyte reaction. The program for aircraft
hazard anaiysis included benzotriazole and other candi-
date reaction inhibitors. These chemicals were selected
as silver chelating agents, as chemicals that may form
insoluble substances (such as sulfides),'or as chem'icals
that might form other re:action Drodu~ts which inhihit
the electrolytic action. The substance that was most
effective in retarding the glycol reaction (reaction
inhibitor) was further checked for compatibility with
airplane materials and suitability for handling by ground
crews (toxicity).

9



D. Glycols

A mixture of ethylene glycol and propylene glycol together
with corrosion inhibitors, a wetting agent, and water is
used extensively in deicing and anti-icing airplane ex-
terior surfaces (Reference 5). Win-, tail, and landing
gear areas are all wetted with the solution. Associated
areas are subject to glycol wetting by splashing or run-
off.

Many military airplanes use propylene glycol in water
boilers and air pressurization system anti-icing. The
low toxicity of propylene glycol makes it ideal for any
systems associated with the environmental control systems
for the flight crew. Ethylene glycol is preferred for
liquid cooling loops in the cooling of avionic equipment.
The various glycol solutions and dilutions weze investigated
in this program.

E. Electrode Materials

Airplane electrical wiring may be tin coated copper, sil-
ver coated copper, or nickel coated copper. In smaller
gages, copper alloys with silver or nickel coating may be
used in lieu of copper. Electrical connectors use
copper alloy or stainless steel contacts plated with
silver, gold, or rhodium. Electrical components (switches,
circuit breakers, relays, etc.) may use any or all of
the above metals. All of these metals and others are
potential electrodes.

NASA tests indicated that copper, tin coated copper,
and nickel coated copper do not produce an exothermic
electrolytic reaction. Therefore, this program did not
involve those materials specifically. It did involve
testing silver plated copper wires and the various metals
used in connector contacts.

F. Test Program Objectives

This program is concerned with investigations of the
electrolytic activity and hazards associated with the
various glycol solutions and with evaluation of methods
of reducing the hazards. It includes a survey of glycol
solutions, glycol reactions, glycol penetration of elec-
trical circuits, contamination detection, decontamination
methods, and reaction inhibiting methods.
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V. Glycol Usage on Airplanes

The most widely used glycol/water sclution for airplanes is
MIL-A-8243B(2) anti-icing and deicing-defrosting fluid.
This fluid is composed (by weight) of a minimum of 88%
ethylene and propylene glycol in a 3 to 1 ratio respectively,
0.9 to 1.1% dibasic potassium phosphate, and 0.45 to 0.55%

* sodium di - (2-ethylhexyl) sulfosuccinate. This fluid is
sprayed on the airplanes either at full strength or at
various dilutions down to 20% fluid and 80% water (by volume).
Further dilution occurs as the fluid mixes with melting ice
or snow. Reference 5 details application procedures. MIL-
A-8243B deicing fluid is also used as a low temperature
rinsing material following the application of MIL-C-27251
cleaning compound. Reference 8 describes application pro-
cedures.

in addition to the deicing fluid mix of ethylene glycol and
propylene glycol, water boilers of some airplane environmental
control systems use propylene glycol. These solutions are
usually 5 to 10% propylene glycol in water without additives.
Some air pressurization systems use 100% propylene glycol fed
through the system as a single pass anti-icing measure. Both
of these applications involve systems that interface with the
air conditioning system for the flight crew. Propylene gly-
col is used because of its low toxicity.

The properties of ethylene glycol make it a preferred heat
transfer medium in liquid cooling loops. High density, high
power avionic systems are making the use of this type of
cooling system more attractive. Increased usage of ethylene
glycol on military airplanes is anticipated.

A standard ethylene glycol coolant formulation has not been
establishel for aircraft. Probably eutectic mixtures of
about 62% ethylene glycol (by weight) in water with additives
will be selected based upon compositions developed by NASA
(References 1, 2, and 3).

All of these glycol solutions are very active electrolytes
and produce the glycol exothermic reaction. Of lesser impor-
tance is low temperature aircraft surface cleaning compound
MIL-C-27251A containing 0.95% ethylene glycol by weight, and
alkaline waterbase aircraft surface cleaning compound MIL-C-
25769G(l) containing 5.1% (by weight) ethylene glycol, n-mono
butyl ether.
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Table I summarizes glycol usage on airplanes. eifecing f ýpid
is used routinely in large quantities over wide areas of

- airplanes. Opportunities for equipment contamination are
numerous amd frequent. Propylene glycol contamJ4acion has
been encountered by water boiler overflow and by seal rjzpture
between the fluid and cooling air ducts. Seal rupture has
permitted the glycol to enter forced air cooled equipment
remotely located from the water boiler. Similar failures
could occur with ethylene glycol cooling loops.

21
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VI. Exploratory Tests

initial testing attempted to duplicate the observed connec-
tor fires. Failures could not be induced by applying glycol
solutions to properly assembled connectors. Eventually, a
glycol reaction was induced by removing the wire insulation
at the connector insert and tying the bare wires closely
together. Glycol solution was applied drop by drop between
the bare wires. The sequence of events are shown in Figure
2. Further tests of glycol penetration possibilities were

£ conducted during the program.

Exploratory tests oI silver coated wires showed that ethylene
glycol, propylene glycol, and MIL-A-8243B deicing fluid
would all react in a 28 volt dc circuit to produce smoke and
flames. The reaction was sensitive to wire spacing, wire
size, and solution dilution.

Careful observation was required in marginal cases to identify a
true glycol reaction. At close spacing, distilled water alone
would gradually form a residue and emit small sparks and radio
nois e. This was the so-called "wet fire" phenomenon
(Reference 1, page 4) and is of interest to this program
only if a fire hazard is involved. Unplated copper wires
closely spaced in a glycol solution also form a residue
and exhibit some of the characteristics of a silver-glycol
reaction. This may have been a "wet fire" fueled by glycol.

Tests with silver-glycol reactions showed the production of
copious quantities of smoke and flames characteristic of
the reaction. The type of reaction was assessed hv the
experimenter based upon experience gained from extensive
testing. Radio noise and axneter variations were monitored
to indicate the level of activity.

The tests indicated that a standard test configuration for
an electrolytic cell was needed to compare reaction variables
and to determine the effectiveness of various reaction in-
hibitors.

14
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VII. Reaction Characterization and Reaction Inhibitor Evaluation

A. Test Cell

All reaction tests used standard Lest cell configurations
consisting of 3 by 5 inch sheets of cardboard with the
electrodes secured with masking tape and adjusted for
the desired spacing between electrodes. The arrangement
for silver plated copper wire and for gold or rhodium
connector pins are shown in Figure 3. The cathode was
#12 AWG bare solid copper wire. This permitted closer
dimensional control of the electrodes, added rigidity
to the assembly, and had no effect on the reaction pro-
ducts. The silver plated copper wire was stranded
12 AWG. Spacings between electrodes were 005, 0.010,
0.015, 0.020, 0.040, 0.080, and 0.10C inches. New test
cells were used for each test reaction and each test
spacing.

B. Test Procedure

The electrodes were connected to a 28 volt direct current
power source. Initially, a dry cell battery was used.
This was not considered representative of airplane 28
"volt systems in capacity or internal impedance. The
battery source was replaced by the laboratory 28 volt
'dc power system early in the program.

Current was measured with a shunt and digital meter.
Time was recorded Lrom the time of application of the
electrolyte to the onset of the exothermic reaction as
evidenced by smoke and flames.

The electrolyte was applied a drop at a time between
electrodes. Drop rate was determined by noting the
electrolytic reaction through a low 'ower microscope,
the variations of the digital ammeter, and the noise
of the portable radio (when used).

Individual reaction tests were performed for the various
solutions, dilutions, reaction inhibitors, and electrode
spacings under study.

C. Reaction Characterization

A series of tests were performed to identify the variables
involved in the reaction:

16
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1. Conductors (Electrodes)

Silver coated copper wire, gold coated connector
pins, and rhodium coated connector pins with spac-
ings of from .005 to 0.10 inches were used as
anodes.

2. Solutions (Electrolytes)

Ethylene glycol (100%), propylene glycol (100%),
deicing fluid (MIL-A-8243B), and water boiler fluid
(5% propylene glycol Ln water) were the basic test
fluids. These solutions were tested in concentra-
tions of 100% to 10% in 10% steps plus 5% and 1%
test solutions in water.

The reaction for each spacing, test fluid, solution di-
lution, and electrode material was observed and the
time required to produce smoke and flames wa±. recorded.

D. Reaction Inhibitor Evaluation

With the behavior of glycol solutions defined, the next
step was to screen potential reaction inhibitor chomicals
to evaluate their ability to impede the reaction. The
following substances were tested:

Item No. Chemical

I Acetic acid
2 Benzotriazole (BZT)
3 Dextrose
4 Dimethyl sulfoxide
5 Diphenyl phosphate
6 Fthylenediaminetetraacetic acid (Versene

acid)
7 Glucose
8 Glycerin
9 Hydroquinine

10 Sodium pclysulfide
11 Sucrose
12 Stearic acid
13 Tetrasodim salt of Ethylenediaminetetra-

acetic acid (Versene)
14 Thiourea
15 Sodium salt of Tolyltriazole (TOT)
16 Versene Fe-3

18



17 1 methyl imidazole
18 2-ethyl, 4-methyl imidazole (EMI-24)

Of these substances, only Items 2, 15, and 18 showed
significant retarding reactions. Characterization
tests of reacthion inhibitor quantity, glycol solution
dilution, arid electrode spacing were run for these
three candidate chemicals.

Ideally, the reaction inhibitor would completely neutra-
lize the glycol exothermic reaction for all solution
dilutions and electrode spacings. Glycol solution con-
centrations normally used are discussed in Section V.
It is assumed that mixing with rain, snow, or ice could
provide any dilution and evaporation could provide
essentially any concentration of the glycol solutions.
Electrode spacing could vary from a very large distance
down to essentially zero spacing. Localized insulation
damage of airframe wires without compacting or wire to
wire abraiding would give wire..to-wire spacings of
alnut 0.015 inches. Connector minimum internal metal to

metal spacing is 0.022 inches. Damaged wire bundles
could give any metal to metal spacing down to a short
circuit. Actually, relatively large quantities of reac-
tion inhibitor were required to prevent the glycol reac-
tion for all solution dilutions at 0.005 inch
spacing between electrodes. The data obtained permits
a comparison of inhibiting prcperties versus reaction
inhibitor quantity for the best piactical balance.

The standard test configuration used provides a basis
of comparison. The drop by drop testing does not re-
present the usual contaminatior condition on airplanes.
Testing with larger quantities of fluid "floods" the
reaction. A residue and'smoke are formed but flames do not
occur until, the quantity of fluid reduces by evaporation,
boiling, and electrolysis. The standard test cell approach
is believed to be a valid method of reaction evaluation.

E. Reaction Test Resuits

The results of reaction tests and reaction inhibitor
tests are shown in Table II and summarized in Graphs I,
II, and III.
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1i. Ethylene Glycol

Ethylene glycol reacts with silver plated wire up
to a maximum electrode spacing of 0.080 inches.
Table II shows that benzotriazole (BZT) reduces
the maximum reacting spacing particularly at the
higher fluid concentrations. EMI-24 has inhibiting
effects much less prcaounced than those of BZT.

Sodium salt of tolyltriazole (TOT) was more effec-
tive than EMI-24 but less effective than BZT.

Gold plated electrodes reacted up to 0.020 inches
at 5% to 10% concentrations and up to 0.015 inches
at 5% to 40% concentrations. With the addition of
1 gram of BZT per 100 ml of test fluid, no reaction
was obtained over the range tested (0.015 inches
minimum). Rhodium plated electrodes were similar
to gold but reactive over slightly wider c ncentra-
tion range and were not completely inactive with
I gram of BZT. It was concluded that gold or
rhodium plated pins were much less active than
silver plated wire and that reaction inhibitor
quantities suitable for silver plated wire were more
than adequate for gold or rhodium plating.

2. Propylene Glycol

Propylene glycol was less active than ethylene gly-
col and reaction inhibitors were more effective in
reducing the reaction. BZT was the most effective.

3. Deicing Fluid KMIL-A-8243B)

Deicing Fluid was somewhat less active than ethylene
glycol. However, this fluid is used with a wide
range of dilutions and it was difficult to inhibit
reactions at the lower concentrations. A wide range
of reaction inhibitor quantities and combi:aations
were tested as shown in Table II.

4. Synthetic Deicing Fluid

Indications were that the corrosion inhibitors in
MIL-A-8243B deicing fluid increased electrolytic
activity of the solution and that the increased
activity prevented the accumulation of the
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non-ionizing reaction inhibiting gel around the
anode. As a result, larger quantities of reaction
inhibitor were required to increase the rate of
formation of the insulating gel. It was believed
that the use of non-ionizing corrosion inhibitors
would permit a reduction in reaction inhibitor
quantity.

To test this premise, a glycol solution was prepared
similar to MIL-A-8243B fluid but without the addi-
tives. This "synthetic" deicing fluid was tested as
shown in Table If. The synthetic deicing fluid
without reaction inhibitors was more active than
MIL-A-8243B fluid indicating that the corrosion
inhibitor phosphates had some retarding effects plus
increased electrolysis. Phosphates, however, did
not prove to be good reaction inhibitors.

The addition of BZT to synthetic deicing fluid proved
more effective than similar quantities in MIL-A-8243B
fluidi.

5. Water Boiler Fluid (5% propylene glycol)

Tests on water boiler fluid were performed using
small increments of reaction inhibitor to determine
acceptable effective usage. Test results are shownin Table II.

6. Effects of Sodium Chloride

There was some concern that salt water might neutra-
lize the effects of BZT. The tests summarized in
Table II show these effects to be negligible. The
salt creates two opposing conditions. Conductivity
of the electrolyte is increased and the formation
of chlorides by the reaction reduces electrical
conductivity at the silver anode.

Cleaning Compound MIL-C-27251A

This compound does not contain enough glycol to
cause a reaction.
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8. Cleaning Compound MIL-C-25769G

The ethylene glycol n-mono butyl ether of this com-
pound does not exhibit the exothermic glycol reac-
tion. The compound is an active electrolyte but
it dissipates without smoke or flames.

F. Optim Reaction Inhibitor

There are many variables involved in determining
whether or not an exothermic glycol reaction will occur.
The glycol solution may evaporate and electrolyze away
"".fJore sufficient residue is formed to cause the reac-
tion. There may be so much glyco'. solution present
that the residue is formed but the reaction cannot
occur. Spacing between conductors may be too iarge
for the solution concentration to react. The voltage
between conductors may be too low for reaction or high'C enough to react at abnormally large spacings. (Thisprogram was concerned with 28 volt dc source voltages.)

For airplane 28 volt dc circuits, the reaction inhibitor
selected must at least prevent the glycol reaction at
0.015 inch spacing between ýonductors with glycol
solutions in the range of concentrations likely to be
encountered. Examination of Table II and Graphs I, II,
and III shows the preferred minimum quantities of
reaction inhibitor summarized in Table III.
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SYMBOLS FOR GRAPHS I, II, AND III

without reaction inhibitors

with BZT reaction inhibitor silver
plated

with EMI-24 reaction inhibitor wire

-- with BZT and EMI-24

with sodium salt of tolyltriazole
reaction inhibitor (TOT) -

---O---O - - gold plated electrode

• • ! rhodium plated electrode

2 grams BZT per 100 ml of test
solution

)2 grams EMI-24 per 100 ml of
test solution

6 J 1 gram TOT per 100 ml of test
solution

1 gram BZT and 2 grams EMI-24
per 100 ml of test solution

5 grams BZT and 5 grams EMI-24
per 100 ml of test solution

Note: The number in the circle refers to the number of

grams of reaction inhibitor per 100 ml of test
solution. The letters refer to reaction inhibitors:
B for BZT, E for EMI-24, and T for TOT.

23



---
r -,-.-• 

....- - . -- --- - -

SI 
0)I 

,

.•I 
i 

i,

I I i 
I .....

Sa , 
u')

° "i 
-

I•

m Lo -;

K , I

a'V

' ; 
"--•I.o-If)

UI)

V a ..-.

I. I I

24



A j

01 0

- I,-

V-4:

- .- -- -. ~ . I / I I i.a

Ta /l Nli10 4I3 1X.

A-25



*4

V1:

I-

MU--- -4.-1 IOIM 9

26 j



List of Tests in Table II

Test Fluid Anode Inhibitor Page

Ethylene Glycol Silver None
kg BZT
Ig BZT 29

2g BZT
5g BZT

2g EMI-24
5g EMI-24
lg BZT, 2g 30

EMI-24
ig TOT

Gold None
-_ _Ilg BZT

Rhodium None
:=-- -_ _ _Ig BZT

Propylene Glycol Silver None
.g BZT
ig BZT 32
2g BZT
5g BZT

2g EMI-24

5g EMI-24
Ig BZT, 2g 33

EMI-24
_-- -- __ ig TOT

Deicing Fluid Silver None
MIL-A-8243B kg BZT

lg BZT 34
2g BZT
5g BZT

Ig EMI-24
2g EMI-24
5g EMI-24
ig BZT, 2g 35
EMI-24

5g BZT, 5g
EMI-24

-- l1g TOT -SGoI•-F None 3

Rhodum _ 36S-- _; 1 , BZT

iRodium None-i
7Ig BZT

• i i27
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Test Fluid Anode Inhibitor Page

Synthetic Deicing Fluid Silver None
(3 parts ethylene glycol, ½g BZT 37
1 part propylene glycol Ig BZT
diluted with 10% water ... 2g BZT --
Water Boiler Fluid See 38
(5% propylene glycol) Charts
Sodium Chloride added to:

Ethylene Glycol Silver See 38
Propylene Glycol Charts
Deicing Fluid

Table II Notes:

1. Reaction inhibitor quantities are in grams per 100
milliliters of test solution (prior to dilution).

2. No vizible chemical reactions were obtained other
than simple electrolysis for:

a. 1% test solution concentration
b. Electrode sacings of 0.100 inches.

3. A test is considered non-reacting if smoke and
small flames are not produced wichin 2 hours.
Reaction time is measured from the start of the
test to the first visible generation of smoke or
flames.

4. "Synthetic deicing fluid" is a mixture of ethylene
glycol, propylene glycol, and water in the salme
proportions as in MIL-A-8243B deicing fluid but
with all other additives omitted. It is used to
simulate a deicing fluid with non-ionizing
corrosion inhibitors.
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TABLE II. TEST CELL REACTION DATA

TEST FLUID: ETHYLENE GLYCOL . . ANODE: SILVER PLATED.D

,'• ~~REACrTGs TEST % ADDED SACE BETWEEN ElICTRODES (IN __• l:ES,_I•F MNI••.

INHI BITOR FLUID WATER .005' .015" .020" .040" .080j

100 0 - 47
90 10 1 TO 10 MINUTES
s0 20
70 30 04

O60 40
NONE 50 50

40 60 LESS THAN I MINUTE
30 70 0
20 80
10 90

• --_--_ 5 95

100 0 17 27
90 10 21 30
80 20 34 40 NO REACTION
70 30 16

"• 1/2g 50 50 MINUTES
BZT 40 60 -IUE30 7 15

20 80 LESS TEJAN
10 90 1 MINUTE

5 95

100 0 90
90 10
80 20
70 30 30 NO REACTION
60 40 25

ig 50 50 1
BZT 40 60 25

30 70 1 TO 10 16 14 22
20 80 _ _ 11 20 1 133
10 90 15

5 95 I ITO 10 MINUTES

100 0
90 10
80 20
70 30
6nl 40 NO REACTION

2g 50 50
B ZY 40 60 610

30 70 459
20 80 5 =0
10 90

_" -5 95 1 TO 10 MINUTES

100 0
90 10
80 20
70 30 NO RECTION
60 40

5g 50 50
BZT 40 60

30 70 0
20 80
10 90 '1 5 12

5 95 3 5 2

-. TIME IN MINUTES (TYPICAL)
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TEST FLUID: ETHYLENE GLYCOL ANODE: SILVER PLATIND .

REACTION % TEST % ADDED SIPACE. BETWEEN _,LEC'RODES (INCUES), TIME (MINUTES)_
INHIBITOF FLUID WATER 0sj.iu .5" .2" 04J78 j

100 0 5 1 30 25
90 10
80 20
70 30
60 40 TIME NOT NO REACTION

2g 50 50 RECORDED .. 15 10
EMT-24 40 60

30 70
20 80
10 90 illiZ 41
5 951

100 0 3 0
90 10 1
80 20 1 11
70 30 3
60 40

4g 0 80Tf* O NO REACTION
EMI-24 4060 RECORDED30 70

20 80"10 90

1600 0 45
90 10
8 0 2 ( .E
70 30 20 NO REACTION

8ZT 60 40 16
0 50 501

2g40 60 30_

EMI-14 30 70 1 TO 10 __18 40 90
20 80 14 20 30
10_I___1 950MINUTES_"--_-__

5 95 I TO MINUTES

100 0 75
90 10 40
80 20 , 3 NO REACT±ON
70 30 35'
60 40

ig 50 507
TOT 40 60 1 1"

30 70 TIME NOT 4! 12 20
20 80 RECORDED
130 905 95



TEST FLUID: ETHYLENE GLYCOL ANODE: GOLD PLATED
REACTION % TEST . ADDED SPACE BETWEEN ELECTRODES (INCHES), TTME (MINUTES)
INHIBITOR FLUID WATER 05 .... 1" .015 .04 .080"

"100 0

90 1080 20
70 30
60 40 NOT NO REACTION

NONE 50 50 TESTED
40 60 95
30 70 5
20 80 44
10 90 36 60
5 95

100 0
90 10
80 20
70 30
60 40

Ig 50 50 NOT
BZT 40 60 TESTED NO REACTION

30 70
20 80
10 qO

S_ _5 95

TES'T FLUID: ETHYLENE GLYCOL ANODE: RHODIUM PLATED

100 0
90 10
80 20
70 30 NOT NO REACTION
60 40 TESTED

NONE 50 50 90
40 60 44 78
30 70 30 60
20 80 _1T 32
10 90 4 10

5 95 _ 3 7

100 0
90 10

80 20, -- - -:,70 3060 40 NO REACTION

-g 50 50
BZT 40 60 NOT

30 70 TESTED
- -20 80 32
I 10 90 25

_95 12
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TEST FLUUID: PROMI'1.ENE GLYCOL ANODE: SILVER PLATED

REACTION %. TEST %. ADDED SPACE BHTWLEN ELECTIRODES (INCHES), TIME (MINUTES)
INHIBITOR FLUID WATER .005" .010" .015" .020'i .040 .080"

100 0 25 30
90 10 ... 5-o• -
80 20 1- 10 20 NO REACTION
70 30 15~
60 40 __ -- _ _ _ 20

NONE 50 50 TYFSS THAN 30__
40 60 1 MINUTE ] 20 40
30 70 22
20 80 12

""---. 10 90 I TO 10 MINUTES
5 95 -- --_ 4

100 0 22
90 10 25
80 20
70 30 20 NO REACTION
60 40

Xs 50 50 1
BZT 40 60 TO

30 70 10 301
20 80 1
10 90 ITO 105 95 < MINUTES 21 ]

100 03
90 10

80 20
70 30 NO REACTION
60 40 30

ig 50 50 16
BZT 40 60

30 70 i TO 10 24
20 80 20
10 9091 1 TO I0 MINUTES

5_ 241-Z -- I~

90 10
80 20
o70 30 NO REACTION

2& 50 50
BZT 40 60

30 70 I TOI
20 80 ý15
10 90 T 1-2&

5 95 -TO 10 MINUTES 12 1

100 0
90 10
80 20
70 30
60 40 NO REACTION

5g 50 50
Bzr 40 60

30 70
20 80
10 90S5 95_ .___ 9532 10 _

-- -- 32
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TEST FLUIl PROPYLENE GLYCOL ANOE: SILVER PLATED

REACTION 'EST % ADDED SPACE BETWEEN ELECTRODES (INCHES), TIME (MINUTES)
INHIBITOR rlUID WATER of0" .01" .015" 020" 040" 080',

100 0 50
90 10 50
80 20
70 30 NO REACTION
60 40 75

2g 50 50 TIME NOT
EXI- 24 40 60 RECORDED

30 70 60
20 80
10 90 5

5 95 5

100 0
90 10
80 20 3
70 30 15 NO REAtTION
60 40 4 18

5g 50 50 12
EML-24 40 60 4

30 70 TIME NOT 35 20
20 80 RECORDED
10 90 SSTA
5 95

F;100 0 40

90 10
80 20

Ig 70 30
BZT 60 40 45 NO REACTION

& 50 502g 40 60 1 TO0 10
EHI- 4 3070 MINUTES20 80

10 90 8

5 95

100 0
90 10
80 20 4
70 30 NO REACTION
60 40 <1 4-

Ig 50 50
TOT 40 60

30 70 TIME NOT 2
20 80 RECORDED 2
10 90

5 95
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FTEST FLUID: DEICING FLULID MIL-A-B243 ANODE: SILVER PLATED (M UTS j
REACTIONa % TEST i% ADDED %. SPACEF BLEWLEN ELECTRODES (INCHES), IlME ___U'-S

'INHIBITOR FLUID WATER GLYCOLS _

- ______.005.OO .1" L.020" [.040" .080"

100 0. 88
90 10 7

I0 2 7 TO 10 NO REACTION
70 30 62 MIUE60 40 53 1 UE

NOE50 511) 44
40i 60 351
30 70 26 lZSS THAN 6
20 80 1s 1 MINUTE I45
10, 90

_______5 ! 95 4 _ _ _ 1 _____

100 0 -88 15-' v ]-_____
1 0 9 0 70 NO REACTION

60 40 53 L.___
g50 50 44

BZT I 40 60 35 1l TO 10 MINUTES

30 70 26 _ _ _ _ __ _ _

20 80 18
10 90 9 ILESS THAN 1 MINUTE

5 95 _ _ __

100 1 0 88T
90 10 79
80 20 I 70 To
70 30 I62 10 No REACT1ON
60 40 531

ig 5O 50 42
BZT 40 60 35

30 *70 I26
20 80 18
10 90 9 1LESS THAN 1 MINUT'E I TO 10

7100 0 88.__ _

90 10 7
80 20 70
70 30 62 20 NO REACTION
66 40 53 L11

2g s0 50 44
BZT 40 60 j 35 1iTO 1 O La

30 10 26 MINUTES
20 80 13 IEiN

4 LES - f - - 1 MINUTE1 0 6

1~100 0 88~
90 10 79
80 20 70
70 30 Q2N EATO
60 40 NORE3TO

:)g 50 50 44
BZT 40 60 35

I 30 70 26 _

10 90 18__
10 80 98 TIME NO*_

-- - - 95 _. ___ 4 _ - RE-%CORQE1r, - - -- 1
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TEST FLUID: DEICING FLUID MIl.-A-8243 ANODE: SILVER PLATED

REACTION 7% TEST % ADDED %. ELECTRODE SFACING (INCHES), TIME (MINUTES)

INHI~BITOR FLUID WATER GLYCOLS .05- ' F

100 0 88
90 10 79 60
80 20 70 50
70 30 62 NO REACTION
60 40 53

Ig 50 50 44 1- -
EMI-24 40 60 35

30 70 26 TIME NOT
20 80 18 RECORDED
10 90 9 7

_ _ _ _ 9 4 -

100 0 88
90 10 79 50
80 20 70

70 30 62 _ ' NO REACTION
60 40 53 > I1 30

2g 50 50 44 60
EMf-24 40 60 35

30 70 26 TIME NOT 1
20 80 18 RECORDED
10 90 9
5 95 4

100 0 88
90 10 79
80 20 70 5
70 30 62
60 40 53 TIME NO REACTION

5g 50 50 44 NOT
£MI-24 40 60 35 ECORDED

30 70 26
20 80 18 2 |
10 90 1

5 95 4

100 0 88 90
90 10 79 i26

80 20 70
lg 70 30 62 12 NO REACTION
BZ1 60 40 53

& 50 50 44 1 30 ]

2g 40 60 35 TO 20
EMI-24 30 70 26 10 j2

20 80 18 1 TO l 1
10 90 9

5 95 4 LESS TIIAN 1 MINUTE ITO l0±

100 0 88
90 10 79
80 20 70

5g 70 I 30 62

EXT 60 40 53 NO REACTION
& 50 50 44
5b 40 60 35

Ev -24 30 70 2620 80 18 I .30|
10 90 9I -->.,_
5 95 4
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TEST FLUID: DEICING FLUID MIL-A-8243 ANODE: SILVER PLATED
REACTION .ADEELECTRODE SPAC INT QNCUES), TIME (MINUTES)

INHIBITOR FLUID WATER GLYCOLS 005" .0 J "I4°" .080"

100 0 88
90 10 79 65
80 20 7070 30 62 NO REACTION
60 40 53

Ig 50 50 44-TOT 40 60 35
TT j 30 70 26

20 80 18 60
10 90 9 TIME NOT

95 4 RECORDED

ITEST FLUTD: DEICING FLUID MLL-A-8243 ANODE: GOLD PLATED

100 0 88- - __ ---

90 10 79 100
S80 20 70 70 NO REACTION

70 30 62 55 _

60 40 53 NOT 48 70 95 i
NONE 50 50 44 TESTED 45 60 i 70

40 60 35 I-40 45 60
30 70 26 32 20 6
20 80 18 19 25 ,'O
10 90 9 30
5 95 4 10 15 22

100 0 88
90 10 79
80 20 70
70 30 62 NO REACTION
60 40 53 NOT 78

Ig 50 50 44 TESTED
"B Z T 4 0 6 0 1 3 5 3 7 0 230 70 2b j o - _

20 80 18
10 90 9 'AjL _-3
5 95 _ 2- 1

ITEST FLUID: DEICING FLUID MIL-A-8243 ANODE: RHODIUM PLATED

90 10 79 35 1 40
80 20 70 15 .J 4 8 28 170 30 62 NOT 10O 13 1.

60 40 53 TESTED 6 O 10 13
NONE 50 50 44 4 7"II 1 4 0 60 35 1j,•

I 20 80 ]8 2 7 8_"

10 90 9 31
LI 2 )_ 95 4 f I l 1

""00 0 88
90 to 79
80 20 70
70 30 62
60 40 53 NOT NO REACTION

Sii ,g [ 50 50 44 TES'I ED
bZT 40 60 35 T

30 70 265
201801181 1)
10 90 9 F_ 5

L5 95 4 - 6



TEST FLUID: SYNTHETIC DEICING* ANODE: SILVER PLATED

REACTION 7% TEST 7% ADDED % ,SPACE . jE. I'..IF TR.D_.(1t•ES2.".jF...(MI_._TIS..

INHIBITOR FLUID WATER GLYCOLS .005" .0" .o15" .02" .040" .o8o.

100 0 90 10 40
90 10 815- 30 56

90 20 72 NO REACTION
70 A 63
60 4t, 54 80

NONE 50 50 45 20
40 60 36 TIME NOT
30 70 27 RECORDED
20 80 18
10 90 9 50

""5 95 5

100 0 90
90 l0 81
80 20 72
70 30 63 40 NO REACTION
60 40 54
50 so 45 30

BZT 40 60 36
30 70 27 30
20 80 18 TIME NOT 40
10 90 9 RECORDED

5 95 5

100 0 90
90 10 81
80 20 72
76 30 63 60 NO REACTION
60 40 54

Ig 50 50 45
BZT 40 60 36 3

30 -70 28
20 80 1sLS HN7
10 90 91MNT

5 95 5

100 0 90
90 10 81
80 20 72
70 30 63 NO REACTION
60 40 54

2g 50 50 45
BZT 40 60 36

30 70 27 10
20 80 18 18 40
10 90 9 TIME NOT RECORDED 5 -.5

5 95 5

*SYNTHETIC DEICING FLUID IS 907. ETHYLENE GLYCOL

AND PROPYLENE GLYCOL (3 TO 1 RATIO) AND 10% WATER
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TEST FLUID: WATER BOILER FLUID* ANODE: SILVER PLATED

REACTION 7. TEST 7.ADDED %. SPACE_ BETWEEN ELECTRODES (INCHES9,_TLNE(QjINUTESL
INHIBITOR FLUID WATER GLYCOLS 005" 0i0" .I .020" .04 0 80"

o.ig BZT LESS THAN 1 1 5 20-
0.2g BZT _1 -_ 8
0.3g BZT '-<'-_--' -1 O REACTION0.4g BZT 5O.5 BZT 100 0 1
102Z BZT 2 _ _
1.5g BZT NO INHIBITORS
2.Og BZT '1 1 2 6 15 '

1.Og BZT
1.Og %.MI- 2

24
-10.5& 10T 4____6_
1 rOT _10

1.5g TOT 5 *WATER BOILER FLUID
2.Og TOT IS 57. PROPYLENE
5 .Og TOT ____ ___ __ _________ YCQL~ W4ATR_

TEST FLUID: ETHYLENE GLYCOL ANODE: SILVER PLATED
REACTION . TEST % 7 ADDE 7. ADDED,
INHIBITOR FLUID -WATER SALT VATER____ 3g NaCI •pr 100 ml water

"" - 100 0 0 17 27
99 1 80
90 10 21 1 n
90 10 25 NO REACTION

80 20 34 40
-BZT 80 20 1.lj 3 100 i

50 50 o TO1 15 75
"50 . 50

20 80 LESS TH0AN i TO
20 . 80 1 MINUTE E

STEST FLUID: PROPYLENE GLYCOL

• = 100 00 22

199 1
90 10 L75_.j
90 10 NO REACTION
80 20
80 20

dZT 50 50 1 TO 1
50 50 1-<

- 20 80 11 TO 1 20 ., z
. .20 80L__ _' 1 1 TO 10 ____

ITEST FLUID: [EICING FLUID (MIT.-A-8243)

99 1 ý-- 79_

90 10 1 TO10 2L
90 10 NO REACTION

80 20V 1
. ," 80 20 .To 10

BZT 50 50 F- 10 10 MINUTES.]
50o 50 1 1<-- 12-
20 80

.2oL .. I_._EN _3
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Table III. Summary of Effective Reaction Inhibitor
Levels for Various Glycol Solutions

Range of Solution
Reaction Inhibitor Concentration for

SGiycol Solution (gms/100 ml Solution) Reaction Inhibiting

Ethylene Glycol lg BZT 50% to 100%*
(100%)** 2g BZT 30% to 100%

Propylene Glycol None 70% to 1007%
(100%)

Propylene Glycol 0.5g BZT 0 to 100%
'5%) (Water boiler
fluid)

Deicing Fluid ig BZT 50% to 100% +
MIL-A-8243B ig TOT 50% to 100% +

• Normal usage concentration 62%.

•** This is without corrosion inhibitors or other additives.
Reaction tests needed when additives are defined.

+ This includes the dilution from rain and snow. Often this
fluid is diluted prior to application to concentrations as
low as 20%. When the fluid is to be diluted, additional
reaction inhibitor should be added at the time of dilution.

For solution concentrations less than the reaction
inhibiting range indicated in this Table inspection
and maintenance ot electrical system integrity should
be relied upon for hazard elimination rather than the
use of excessive amounts of BZT reaction inhibitor.
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VIII. Glycol Penetration and Immersion Tests

Concurrent with glycol reaction tests and reaction inhibitor
tests, other tests were performed to determine the suscepti-
bility of electrical connectors and electrical wiring to
penetration or material degradation when exposed to glycol
solutions. These tests consisted of altitude cycling of
immersed connectors, soak tests of mated connectors, and
soak tests of wires and unmated connectors.

A. Altitude Cycling of Immersed Connectors

Twelve connectors were tested:

4 - MS24266RI4B4SN
4 - MS24266R24B43S
4 - M•3126E22B55S

T1he first two connector types were chosen because failures
had occurred with these types. The third connector type
was choscn to permit testing with a different connector
design. These plugs were wired to connect alternate
contacts to opposite polarities of the 28 volt dc power
source. Fillers were installed in unused insert holes.
The plugs were mated to their receptacles and mounted
vertically with plugs submerged in a 50% propylene gly-
col/water solution. The assembly was placed in an alti-
tude chamber and energized with 28 volts dc during the
altitude tests. Leakage current was monitored throughout
the test with a 0.02 ma sensitivity meter.

The altitude chamber pressure was reduced to approximately
1.0 inches of mercury and maintained at this pressure for
30 minutes. Chamber pressure was then returned to ambient
pressure within 1 minute and maintained at ambient pres-
sure for 30 minutes. These tests were repeated for
three consecutive cycles. Circuit conductivity was
checked with a megohmmeter after each cycle.

There was no evidence oi conduction in any of the 12
S-mated pairs of connectors during or after the altitude

cycling tests. The shell was removed from one of each
type of connector. There was no evidence of degradation
of materials. The removed inserts were tested for ab-
sorbed glycol or the leakage of glycol beyond the wire
seal. No glycol was detected.
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B. Soak Tests of Mated Connectors

Three plugs of each type used in the altitude cycling
test were wired and mated with the proper receptacles.
One set of a mated pair of each type was submerged in
a 50% ethylene glycol/water solution. Another set was
submerged in a 50% propylene glycol/water solution. The
taird set was submerged in a 50% deicing fluid/water
solution. The connectors were periodically measured
for insulation resistance as evidence of glycol/water
penetration.

The connectors were soaked in the glycol solution for a
total of 43 days. There was no evidence of glycol
penetration. All circuits were isolated by more than
2 X 109 ohms.

C. Soak Tests of Wires and Unmated Connectors

Nine unmated plug type connectors taken from the alti-
tude cycling test were soaked in the same three fluids
used in the mated connector soak tests. Samples of
Number 12, 16, 18, 20, 22, and 24 gage polyalkene and
kynar insulated wires were completely submerged and
soaked in the same three fluids.

Conductivity of the wire insulation was measured period-
ically. The connectors were periodically removed from
the solutions, external surfaces were dried and conduc-
tivity measured. After 20 days, the connectors were
transferred to connector internal exposure tests.

Wire samples were soaked for a total of 71 days in the
glycol solutions. There was no evidence of conduction
or of physical change. Insulation resistance of three
foot samples was greater than 2 X 1012 ohms.

After 20 days in the glycol solutions unmated, most of
the connectors had lower insulation resistance but all
measurements were too high to be considered conductive.
The minimum reading was one megohm for the MS3126 connec-
tors and 30 megohms for the MS24266 connectors.
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IX. Induced Electrical Connector Failures

The glycol immersion tests of Section VIII showed no tenden-
cy of connectors or wiring to deteriorate or establish reac-
tion paths when exposed to glycol solutions. Exploratory
tests had shown that damaged wiring at the connector could
be used to start a glycol reaction wich the resulting fire
propagating into the connector. Tests were performed to
iurther identify the failure mechanism. These tests included
electrolysis of sectioned connectors, tests of damaged
connectors, and internal exposure of connectors to glycol
solutions.

A. Electrolysis of Sectioned Connectors

The relative activity of the metals used in cGnnectors
was compared by observing the formation of r,:action
products. Two test specimens were prepared by sectioning
connector assemblies and placing wired contacts along
the section. Contact pairs were energized at 28 volts
dc and four test solutions were applied between contacts.
The test solutions were 10% ethylene glycol, 10% propy-
lene glycol, 10% deicing fluid, and demineralized water.
Tests were conducted with size 20 rhodium plated sockets
in an MS24266 connector and size 20 gold plated sockets
in an MS3126 connector.

In the MS24266 connector, the most active area was found
to be the crimp barrel in the defo--med areas. The bery-
llium contact retainer clips were second in activity.
Uncrimped rhodium plated areas were the least active.
The siler plated wire was active when exposed but it is
normally insulated in the assembly and was not active.

In the MS3126 connector, the most active area was the
crimp barrel. Next in activity was the uncrimped gold
plated areas. The rhodium plated pin barrel was the
least active.

The most active solution was found to be ethylene glycol,
followed by propylene glycol, deicing fluid, and water.
In other tests, the 0z, concentration was found to be
among the most active with higher concentrations less
active.

Each reaction was aliowed to proceed until the solution

was electrolized. The relative electrochemical activity
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{ 43



was roughly proportional to the quantity of residue
remaining in each area.

In similar tests, heavy residues were formed by repeated
applications of solution. The location of reaction pro-
ducts is shown in Figure 4. In each case, the residue
produced arcing and radio noise and caused some pitting
and local burning of the rubber surface. The burned
rubber formed a conductive powder but did not maintain
a circuit along the open surface.

Reaction in ac circuits was compared by applying 115 volts
400 Hz to a pair of socket contacts. The solution was
dissipated rapidly but no reaction products were visible.

B. Damaged Connector Tests

Several connectors were intentionally damaged and glycol
solutions were added between energized circuits to ob-
serve the extent of damage produced. A 10% ethylene
glycol/water solution and several other glycol solutions
were used. Several damaged configurations were tested:

(1) Insert Damage

The rubber insert was deliberately damaged at the
wire seal by improper use of insertion tools to
produce a cut between adjacent contacts or between
contacts and the shell. Repeated application of
the glycol solution over a period of several days
produced the usual reaction products. At 28 volts,
the conductivity decreased as the solution was
electrolyzed and in all cases conductivity stopped
with no damage.

(2) Conductor Exposure

Tests were conducted with conductors exposed at
the surface of the rubber insert. Exposure was
accomplished by over stripping the wire and by
opening the wire seal by inserting filler plugs
beside the wire an,, leaving them in place. The
solution was applied for several days and reaction
products formed across the surface. Conductivity
stopped with no damage.
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It was found that the insert could be damaged by
applying higher voltages (200 to 400 volts, depend-
ing on spacing) or by reducing the spacing to
about .040 inches at 28 volts. At the actual
spacing and voltage of the connectors, no damaging
reaction was produced.

(3) Combined Damage

With a combination of insert damage and over-
stripping, sustained conduction was obtained at 28
volts with full spacing. A reaction was established
in a cut between two wires that were exposed by
overstripping. After building reaction products
and reaching a drying-out stage, the residue pro--
duced sufficient arcing to burn the surface of the
rubber insert material within the cut. The burned
rubber formed a conductive powder and since the
powder was confined a conductive path was maintained.
The burn progressed the full length of the involved
contacts and the contact was brought to a red heat
without tripping a 20 ampere circuit breaker.

C. Connector Internal Exposure to Glycol Solutions

The effect of trapping glycol solutions inside the con-
nectors was investigated initially in conjunction with
the altitude test in order to determine the probable
result of leakage. An unused pair of connectors type
MS24264R16B24S and MS24266RI6B24P. were wired with six
parallel circuits and were mated after being filled
with a 50 percent ethylene glycol solution. The resis-
tance between circuits was 8 megohms after mating. The
connector was energized for 3 days at 28 volts with no
evidence of conduction or damage. Two weeks later the
resistance was again checked and was found to be about
1000 ohms. It was then connected to a 28 volt line and
soon became conductive with rapid heating. The test was
interrupted to minimize the damage and the specimen was
sectioned and examined.

The test was repeated using one connector of each type
with one of three different glycol solutions (a total of
nine plugs and receptacles). The glycol solutions used
were:

(1) 10% ethylene glycol/water solution
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(2) 10% propylene glycol/water solution

(3) 10% deicing fluid/water solution.

The nine plugs had been used in the soak test. The nine
receptacles had been used in the altitude cycling test
and had no previous internal expcsure to glycol. Each
connector pair was filled with one of the solutions,
mated, and mounted with the plug up. The connectors
were energized with 28 volts dc for 8 hours a day. Total
conductivity of the nine specimens was 200 microamperes
at 28 volts. Conductivity decreased with time.

After two days, the MS24264RI4B4P specimen with ethylene
glycol became conductive and heated rapidly. % size
24 test lead was fused by the current but a 20 ampere
circuit breaker did not trip. The mating plug had been
soaked for 20 days but remained clear and was not damaged
since the small lead interrupted the current. The failed
speciu'en. was sectioned and examined. The breakdown was
found to along the solid retainer on the mating side.
The retainer was burned across the entire area between
the positive and negative pins. The rubber insert wasburned to almost the full diameter of the connector.

After four days of internal exposure, the MS24266R24B43S
specimen with ethylene glycol suddenly became conductive.
It expelled three filler plugs, heated rapidly, smoked,
and in about 10 seconds had fused the size 24 test lead
without tripping a 20 ampere circuit breaker. The speci-
men was sectioned and the breakdown was found to be at
the solid retainer, primarily on the wire side.

i4

Figure 5 shows the breakdown area inside the connectors.
The glycol solution apparently reached the insulating
connector retainer and bridged between 2 or more connec-
tions.

The remaining seven specimens were energized for 52 days
total test time with no breakdown. After 42 days, the
conductivity of the seven connectors had decreased from.
0.25 ma to 0.05 ma at 28 volts dc. At that time, each
connector was unmate&l, examined, filled again, mated,
and energized for the remaining 10 days. There was no
breakdown or evidence of deterioration.
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These tests showed that connectors may react to internal
exposure to glycol solutions, However, many more tests
would be required to establish which glycol solution is
most likely to penetrate to the contacts, which type
connector is most susceptible to penetration, and the
probability of connector failure from internally intro-
duced glycols.
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X. Glycol Contamination Detection

Investigations of possible methods of detecting that airplane
areas had been contaminated with glycol solutions were made
as part of the hazard reduction program.

Two methods of detecting the presence of glycols on a wetted
surface were evaluated: ultraviolet radiation and infrared
spectrophotometry. Attempts to detect glycol contamination
by ultraviolet radiation were unsuccessful. Infrared spec-
tophotometric examination of extracted wash fluid detected
the presence of I mg of glycol. However, this method iE of
limited value because it is restricted to the laboratory.

Some areas of an airplane are deliberately sprayed with deicing
fluid and cannot be considered contaminated unless equipment
and components were not properly protected. Any surface that
is not obviously wet can be considered free from glycol reac-
tion hazards. Wet surfaces suspected of glycol contamination
can be cleaned by the simple procedure of Section XI.
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XI. Glycol Decontamination

Two methods were tested for decontaminating areas wetted
with glycol solutions: water rinsing, and reaction inhibiting
fluid rinsing. The objective in cleaning an area by water
rinsing was to reduce the glycol concentration below 1% as a
minimum and preferably to completely dry the area. The ob-
jective of the reaction inhibiting fluid rinse was to intro-
duce enough reaction inhibitor to the area to prevent a
glycol/metal electrolytic reaction. It should be noted
that the requirement was to prevent a glycol reaction. The
decontamination problem studied by NASA (Reference 3) also
involved removing certain corrosion inhibitors which became
corrosive when exposed to the atmosphere.

Both the water rinse and the reaction inhibitor fluid rinse
satisfactorily decontaminated the area. The use of a reac-
tion inhibitor rinse is not recommended. The water rinse
was completely satisfactory. A reaction inhibitor rinse
introduces other chemicals to tLe area unnecessarily.
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XII. Reaction Inhibitor Detection

in the event that there is a need to determine the quantity
of benzotriazole in a glycol solution, the following
procedure is recommended (Reference 9):

Reagents:

Silver nitrate solution, 10 g per 100 ml.
Ammonium Hydroxide, sp. gr. 0.88
EDTA solution - Add 40 g of disodium dihydrogen ethylene -

diaminetetra - acetate to 50 ml of water. Add ammonium
hydroxide solution to dissolve the salt. Dilute the
solution to 100 ml with water.

Procedure:

Place 10 ml of EDTA solution. 5 ml of silver nitrate solu-
4. tion and 10 ml of water in a 250 ml beaker. Heat to about 500

Add 7 ml of aimnonia solttion and 50 ml of sample. Heat to
90 0 C and maintain for 15 minutes.

Cool solution and filter through a weighed, sintered-glass
crucible.

Wash the precipitate with six 10 ml portions of water and dry
it at 1200C for 15 minutes.

Cooi the crucible and weigh.

Calculations:

g BZT per 100 ml - wt of ppt X 1.05
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XIII. Reaction Inhibitor Characteristics

A. Materials Compatibility

The aircraft materials listed in Table IV were tested
for compatibility with deicing fluid and with deicing
fluid with I gram of benzotriazole per 100 milliliters
of deicing fluid. The materials were weighed and then
immersed in the test fluids for one month at room
temperature. The materials were then washed, dried,
re-weighed, aud examined for evidence of corrosion or
other visible effects. There was no evidence of in-
compatibility.

B. Solubility

Reaction tests established the effects of various
quantities of reaction inhibitors on the glycol/metal
reactions. With these quantities established, it was
necessary to determine if these quantities would remain
in solution at low temperatures. These tests are
simmarized in Table V.

C. Benzotriazole Storage Stability

A series of reaction tests were conducted to determine
if benzotriazole changed its reaction inhibiting pro-
perties after storage. A solution of I gram of BZT
per 100 ml ethylene glycol was mixe& and its reaction
characteristics with silver plated wice electrodes werc
obtained. The solution was tested in the same manner at
one month intervals for a total storage time of 5 months.
No significant change in reaction inhibiting characteris-
tics was obtained.

D. Toxicity of Benzotriazole

The health hazards of benzotriazole have been evaluated
by several investigators. The U. S. Department of
Health, Education, and Welfare Toxic Substance List,

1972 Edition gives the lethal dose as 1000 mg per 1000 g
body weight. Sherwiv Williams Chemical Company reports
the LD5 0 value in white rats as 675 mg/kg. These values
are considered to be in the low to moderate toxicity
range. Dermal toxicity studies show benzotriazole to
be non-toxic and non-irritating to the skin.
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Table V. Low Temperature Tests on Reaction Inhibited Clycols

__ __.Reaction -

Inhibitor Temn rature oF
Test Fluid grams/100 ml 7 Added Solution

Type % of Test Fluid Water Clear() Froze

100 0 0 -50 -65,-80
50 0 50 -4o -50,-80
10 0 90 +25 +17,-80

100 2 BZT 0 -50 -65,-80
Ethylene Glycol 50 2 BZT 50 -40 -50,-80

10 2 BZT 90 +25 +17,-80 i
100 5 BZT 0 -50 -65,-80

50 5 BZT 50 -3 -40,-S00
10 5 BZT 90 +25,-80

100 0 0 -50 . -65,-80
50 0 50 -40 -50o,-8o
10 0 90 +25 +17,-80

100 2 BZT 0 -50 -65,-S0
Propylene Glycol 50 2 BZT 50 -30 -40,-80

10 2 BZT 90 +25 +17,-80
100 5 BZT 0 -50 -65,-80

50 5 BZT 50 -10 -20,-80
10 5 IT 90 +25 +17,-80

100 0 0 -50 -65, -80
50 0 50 -10 -20,-60
10 0 90 425 -17 -80

"100 2 BZT 0 -50 -65:-80
Deicing Fluid 50 1 1 BZT 50 -10 -20,-b-
14IL-A-8243B 10 2 BZT 90 +25 +17,-80

100 5 BZT 0 -50 -65,-8O
50 5 BZT 50 -10 -20,-80
10 5 BZT 90 +25 +17,-80

100 2 EMI-24 0 -50 -65,-80
50 2 MT1-24 50 -10 -?n,-80

10 2 EI-24 90 +25 +17.-8S

Water Boiler 100 0 0 +25 +17,-80
,Fluid (5% 100 0.5 BZT 0 +25 +17,-80
Propylene 100 1.0 BZT 0 +25 J17 -80

Glycol in Water) 100 1.5 BZT 0 2 _ __

100 2.0 BZT 0t. (3

NOTES:

1. Semi-frozen at +25 0 F.
2. insoluble residue at +250 F (s!lution clear at room temperature).
3. Frozen at +170 F to -80OF test points, thaws with an insoluble residue.
4. 'est temperatures 25, 17, 0, -1C, -20, -30, -40, -50, -65, and -80 0 F.
5. "Solution Clear" temperature i the -inimum test temperature at which

che solution remained a clear liquid.
6. Freeze temperatures are the range of test points over which the solu-

tion was frozen but on warming thawed to a clear liquid.
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Benzotriazole is similar in chemical structure to the
material aminotriazole which is known to have carceno-
genic properties. The National Cancer Society is con-
ducting studies on the carcenogenic properties of ben-
zotriazole. Tests are expected to be completed by
mid-1975.

The Occupational Safety and Health Administration of
the U. S. Department of Labor (OSHA) has been contacted
for information on federal regulations of benzotriazole.
They stated that at; the time of inquiry (August 1974)
there were no applicable federal standards for benzotria-
zole, ethylene glycol, or propylene glycol.

E. Flammability of Benzotriazole

The flash point of benzotriazole is 4120 F. The material
is considered to be non-flammable and the flammability
of glycol solutions would not be effected by the addition
of benzotriazole.

F. Environmental Impact

Since reaction inhibited fluid might be discarded in
public drains and sewer lines, the eccological effect of
the reaction inhibitor was checked. Reference 10
determined that benzotriazoie would not adversely
affect wastewater treatment facilities and that the

A material exhibits very low toxicity to trout, bluegills,
and minnows. The Environmental Protection Agency (EPA)
has no specific regulations on benzotriazole but this
agency would have to approve its use based on the volume
involved, and the frequency and season of its use.
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